• AIM: To report the epidemiology and incidence of vitreous hemorrhage and to evaluate risk factors for patients with vitreous hemorrhage (VH) in Taiwan.
INTRODUCTION
V itreous hemorrhage (VH) is the extravasation of blood into the vitreous body [1] . The vitreous gel is avascular. VH occurs when blood leaks from ruptured vessels into the vitreous cavity. It may occur suddenly, without pain. VH usually happens in adult patients with proliferative diabetic retinopathy, retinal break, retinal vein occlusion, posterior vitreous detachment, or ocular trauma [2] [3] [4] [5] . Furthermore, retinal arterial macroaneurysms, choroidal neovascularization, intraocular tumors, and other diseases may also lead to VH. The most common cause of VH in children is blunt or penetrating trauma [3, [6] [7] . Patients with VH may suffer from acute blurring of the affected eye. The influence on visual acuity caused by VH itself may persist from days to months until the blood is removed or absorbed. Nevertheless, the underlying diseases which lead to VH might cause permanent visual impairment. Traditionally, vitrectomy is recommended if the blood in the vitreous has not been absorbed after 2 to 3mo. However, some underlying diseases, for example, retinal break and detachment, might progress rapidly during this period. Recent studies have suggested that an early vitrectomy reduces the overall retinal detachment rate and results in a better visual prognosis [8] [9] [10] . Owing to the potentially severe impact of VH and its underlying diseases on vision, affected patients may be unable to return to work following treatment, which could affect the socioeconomic status of patients and their families. However, studies on the epidemiology of VH are scanty. The incidence of dense VH was estimated to be 7 cases per 100 000 personyears in Europe and was even lower in children [1, 4, 11] . The [12] . No informed consent was necessary because this study analyzed the secondary data. (Table 1 , P-value for increasing trend <0.001). After stratifying by age groups, the constant increasing trend was most significant in patients aged 40 to 59y (from 7.0 to 15.4 cases per 10 000 person-years, P-value for increasing trend <0.001) and in patients younger than 40y (from 0.7 to 1.8 cases per 10 000 person-years, P-value for increasing trend <0.001). However, the incidence of VH remained stable with time in patients who were older than 60 years old (P-value for decreasing trend =0.062) ( Figure 1 ) . Incidence cases included in this population-based study are summarized in Table 2 . In total, 4379 newly diagnosed cases Overall the mean age of the patients was 52.0 years old, with a standard deviation of 14.3y, and most patients were aged between 40 and 59y. The incidence rate of VH was higher in males (52.18%) than in females (Table 3) . Among all incident cases, 56.77% were also diagnosed as having diabetes and 61.57% were diagnosed as having hypertension. Regarding the possible causes of VH, 36.83% of VH cases were possibly due to proliferative diabetic retinopathy, 12.42% were possibly due to retinal detachment, 4.34% were possibly due to agerelated macular degeneration, and 3.68% were possibly due to retinal vein occlusion. Regrettably, about 42.73% of VH were classified into the "others or undefined" group. Furthermore, we also estimated the incidence of VH due to each possible cause separately and the results showed that the incidence of VH associated with proliferative diabetic retinopathy and retinal vein occlusion among adults also increased with time.
Inclusion and Exclusion Criteria
The risk factors found to be associated with incidence of VH are shown in (P<0.001, HR=2.20) were significant risk factors for VH. The incidence of VH increased as the urbanization level of the subjects' residential area decreased, but the result was not statistically significant.
DISCUSSION
In this study, we found that the crude incidence of VH in a Chinese population was 4.8 cases per 10 000 person-years. We also showed that the incidence of VH in elders and middleaged adults was much higher than that in younger people. Our results also showed that the annual cumulative incidence of VH increased from 3.8 cases to 6.1 cases per 10 000 personyears within 10y. In a study by Lindgren et al [4] , there were approximately 7 cases of spontaneous VH per 100 000 population each year in Sweden, which was much lower than the rate found in the present study. The main reason for this discrepancy is that our study included patients with any cause of VH and also included VH patients with all levels of severity. Moreover, the difference in incidence rates might also support one of our findings that the incidence of VH did increase with time. Our results showed that the incidence of VH increased significantly in subjects aged between 40 and 59y. Hence we further analyzed the causes of VH in this age group and the results showed that 43.3% were possibly due to proliferative diabetic retinopathy, 11.4% were possibly due to retinal detachment, 3.06% were possibly due to retinal vein occlusion, and 2.44% were possibly due to age-related macular degeneration (data not shown). Furthermore, we also estimated the incidence of VH due to each possible cause separately and the results showed that the incidence of VH associated with proliferative diabetic retinopathy and retinal vein occlusion among adults also increased with time (P-value for increasing trend <0.01 and =0.02, respectively, data not shown). Meanwhile, the incidence of VH associated with retinal detachment and agerelated macular degeneration did not show any significant trend.
Another consideration is the universality of small incision sutureless vitrectomy, which greatly reduces the surgery time and complication rates [9] . It is unclear whether ophthalmologists make the diagnosis of VH more frequently with a view to applying for reimbursement for vitrectomy. Therefore, we performed a sensitivity analysis which only estimated the incidence of VH in cases that required vitrectomy. The result of this analysis showed that the incidence of VH in cases requiring vitrectomy also increased from 1.0 case per 10 000 person-years in 2001 to 1.3 cases per 10 000 person-years in 2010. The percentages of cases that received vitrectomy among all VH patients ranges from 0.20 to 0.27 during 2001 to 2010. The incidence of VH was shown to increase significantly with age. Many diseases such as retinal vein occlusion and agerelated macular degenerations mostly tend to occur in older people. The prevalence and severity of diabetic retinopathy also increase with the duration of diabetes [13] . Furthermore, the Beaver Dam Eye Study showed the prevalence of vein occlusion was associated with hypertension and diabetes [14] .
As demonstrated in other studies, systemic hypertension was frequently found among patients with macroaneurysm and branch retinal vein occlusion [15] [16] . It is therefore not surprising that more than half of the patients with VH in our study had hypertension and diabetes. The causes of VH may depend on the study population and tend to vary with the mean age of the patients as well as the region in which previous studies were performed [3] [4] 17] . Proliferative diabetic retinopathy (19.1%-54.0%) and retinal break (27%-37.3%) were the most common causes of VH in previous studies. Vitreous detachment with or without a tear was only reported as the most common cause of VH in a case series by Lindgren et al [4] . In our study, proliferative diabetic retinopathy accounted for 36.8% of VH and retinal detachment accounted for 12.4% of VH. This finding is compatible with the results of previous reports. Up to 42.7% of VH cases were classified as "others or undefined" causes, which was much higher than in previous reports. A major reason for this result is that some causes cannot be clearly identified using ICD-9-CM codes, such as ocular trauma and posterior vitreous detachment. Another explanation is that patients with multiple diagnoses simultaneously made after VH were categorized as "VH due to others or undefined cause". For example, proliferative diabetic retinopathy might coexist with retinal vein occlusion or age-related macular degeneration. It may therefore not be possible to define the possible causes of VH in such conditions without access to a patient's medical records. However, this discrepancy implicated that diabetes or hypertension might be the underlying risk factor. In our study, males had a higher incidence of VH than females.
The finding was consistent with the results of previous studies.
Many reports have shown that male sex was independently associated with causes of VH but not directly with VH. Novak and Welch [18] suggested that men have a four-fold greater risk of developing retinal tear after vitreous detachment than women. A Meta-estimate of previous studies also reported that the sex distribution in retinal detachment indicates a male proportionality of between 52% and 59% [19] . Furthermore, male sex was independently associated with the presence of diabetic retinopathy, as well as poorer blood sugar and blood pressure control [20] . Our results showed that subjects who have been prescribed anti-coagulation drugs for any reason had a higher incidence of VH than those who had not been prescribed these medications. The findings are not consistent with the results of previous studies on patients with diabetes and retinal vein occlusion [21] . However, the design and purpose of our study differ from those of previous studies and so such comparisons may not be meaningful. Our study did not adjust for underlying diseases of VH which require a prescription for these medications. This finding suggests that regardless of the type of disease requiring anti-coagulation medication or the disease cause, the patient would have a higher risk for VH. Furthermore, a recent study found that taking aspirin, clopidogrel, or warfarin was more likely to result in VH as a result of an acute posterior vitreous detachment [22] . The present study was limited by lack of clinical variables in the Taiwan Health Insurance Research Database. It is difficult to establish a definite cause of VH without chart review, especially when the disease cannot be clarified by ICD-9-CM codes or when many diagnoses were made simultaneously. Second, detection bias is a notable problem in retrospective studies, especially when the data are derived from a database. Patients who suffered from minor VH or had a poor general condition, such as patients who are bed-ridden or have dementia, might not have sought medical help and could have been missed by our study. Although this study was highly representative to the total population, it is a crucial limitation that we could only use the ICD codes for diagnoses. Without detail medical data, the validity of diagnoses, the severity of diseases, the exact cause of VH might be biased. Besides, we cannot obtain the visual acuity in this study, which is an indicator for severity of the VH. Although the healthcare utilization in Taiwan is very high due to the National Health Insurance program, the incidence of VH may have been underestimated in our study.
In conclusion, the incidence of VH was estimated to be 4.8 cases per 10 000 person-years in Taiwan and increased with time, especially in subjects between 40 and 59 years old and in VH patients with proliferative diabetic retinopathy or retinal vein occlusion. Age, male gender, and use of anti-coagulation drugs were associated with incidence of VH. We recommend that clinicians and policymakers should pay more attention to the increasing trend of incidence of VH in Taiwan. Further clinical studies are needed to confirm the findings of our study.
